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© (54) Title: NOVEL BORONIC CHALCONE DERIVATIVES AND USES THEREOF 

^ (57) Abstract: The present invention relates to novel boronic chalcone derivatives which are useful as antitumor/anticancer agents. 

The present compounds, which are inexpensive to synthesize, exhibit unexpectedly good inhibitors of the growth of human breast 
^ cancer cells. The present invention also relates to the use of the novel boronic chalcone derivatives to treat cancer. The invention 

also provides pharmaceutical compositions comprising the inhibitors of the invention and methods of utilizing the inhibitors and 

pharmaceutical compositions in the treatment and prevention of cancer. 
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mortality rate from metastatic breast cancer. At the present time standard 
treatments for metastatic breast cancer include paclitaxel in combination with 
vinca alkaloids, etoposide, and other regimens that include agents such as 
anthacyclines, alkylating agents, antimetabolites, tamoxifen, and aromatase 

5 inhibitors (Chabner BA, Collins JM, Cancer chemotherapy principal and 
practice, pp 9-13, and 40-85. B. Lippincott Company, Philadelphia, 1990). 
The ultimate conclusion of these numerous studies over the last 50 years is 
that although these therapies provides significant palliative effect in the 
majority of with metastatic breast patients, it is likely to be curative. Although 

10 major advances have been made in early detection, prevention, and treatment 
of early disease, the need for more effective therapy in the fight against late 
stage breast cancer continues. 

Recently the mouse double minute 2 (MDM2) oncogene has been 
suggested as a target for breast cancer therapy (Juven-Gershon, T. and 

15 Oren, M. Mol. Med., 1999, 5, 71-83; Momand, J. et al., Nucleic Acids Res., 
1998, 26, 3453-3459). MDM2 is amplified or overexpressed in human breast 
cancer, and MDM2 levels are associated with poor prognosis of human breast 
cancer. The oncoprotein MDM2 inhibits the tumor suppressor protein p53 by 
binding to the p53 transactivation domain. The p53 gene is inactivated in 

20 human cancer either by mutations or by binding to oncogenic proteins such as 
MDM2 (Lane, D. P. and Hall, P. A, Trends Biochem. Sci,. 1997, 22, 372-374; 
Oliner, J. D. et al., Nature, 1992, 358, 80-83; Lozano, G.; Montes de Oca 
Luna, R., Biochim. Biophys. Acta, 1998, 1377, M55-M59; Wang, H. et al., 
Clinical Cancer Res., 2001, 7, 3613-3624). In breast tumors, over expression 

25 of MDM2 inactivates an otherwise intact p53, disabling the genome integrity 
checkpoint and allowing cell cycle progression of defective cells (Boyd, M. T. 
et al., J. Biol. Chem., 2000, 275, 31883-31890). Studies comparing MDM2 
overexpression and p53 mutation concluded that these are mutually exclusive 
events, supporting the notion that the primary impact of MDM2 amplification in 

30 cancer cells is the inactivation of the endogenous wild-type p53 (Wang et al., 
supra). It has been shown recently that a peptide homologue of p53 is 
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MDM2/p53 protein complex, releasing p53 from both the p53/MDM2 and DNA- 
bound p53/MDM2 complexes (Stoll et al., supra). 

Carboxylic chalcones have shown promising therapeutic efficacy for 
the management of human cancers (Daskiewicz, J. B., et al., Tetrahedron 
5 Lett. 1999, 40, 7095-7098; Devincenzo, R., et al., Anti-Cancer Drug Des. 
1995, 10, 481-490). Previous studies (Stoll et al., supra; Kussie, P. H., et al., 
Science, 1 996, 274, 948-953) on the binding modes of carboxylic acid 
analogs of chalcones with MDM2 revealed that the carboxylic acid group 
could be placed near the base of lysine51 (K51), which is found in a salt 
10 bridge interaction with glutamic acid 25 (E25). It was presumed that the acid 
group of the chalcone forms a salt bridge with K51 and simultaneously breaks 
the salt bridge with E25 of the MDM2. However, carboxylic acid analogs of 
chalcone reported in the literature (Stoll et al., supra) are equally toxic to both 
normal and malignant breast epithelial cells. The toxicity to normal breast 
15 cells may be due to MDM2/p53 independent mechanisms. Therefore, a 
chalcone derivative that could strongly and irreversibly bind to and disrupt 
MDM2 protein complexes may be selectively toxic to MDM2 overexpressing 
breast cancer cells. 

Boronic acids are Lewis acids and isosteres of carboxylic acid. The 
20 pKa's of boronic acids are about 9-10, and therefore at physiological pH 
boronic acids remain unionized (Tongcharoensirikul, P., et al., Abstracts of 
Papers, 222 nd ACS national meeting, Chicago, IL, August 26-30; American 
chemical society, Washington, DC, 2001; MEDI-224). Thus, a coordinate 
covalent bond (boron-nitrogen) can be formed between a electron deficient 
25 boronic acid moiety and electron donating amino group, which may strongly 
enhance binding of boronic-chalcones with the lysine 51 of MDM2 at neutral 
pH when compared to the corresponding carboxylic acid analog of chalcones. 

Boronic chalcone analogs have been previously described. These 
compounds have been used as fluorescent probes that may be useful for 
30 detection of fluorides (DiCesare, N. and Lakowicz, J. R., supra) and 
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where 

Ar is aryl or heteroaryl, each of which may be substituted or 
5 unsubstituted; 

W iS H, Zn-F, Zn-CI, Zn-Br, Zn-I, Z n -CF 3 , Z n -N0 2) Z n -OR 1 , Z n -NR 1 R 2 , Z n - 

COOR 1 , Z n -SR 1 , Z n -(C=0)R 1 , Z n -0(O0)R 1 , Z n -NR 1 (C=0)R 1 , Z n -(C=0)NR 1 , 
alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 
heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, Z n -Ar 
10 or Zn-heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, heteroalkyl, 

heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Zn-cycloalkyl, 
Zn-heterocycloalkyl, Z n -Ar or Z n -heteroaryl may be substituted or 
unsubstituted; 

X is Z n , Z n -0, Z n -S, Z n -NR 1 , Z n -NR 1 (C=0), Z n -C=0, Z n -OC(=0), or Z n - 
15 C(=0)0; 

R 1 and R 2 are independently H, an amine protecting group, an alcohol 
protecting group, an acid protecting group, a sulfur protecting group, alkyl, 
allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
alkoxy, heteroalkoxy, Z n -cycloaikyl, Z n -heterocycloalkyl, Z n -Ar or Zn-heteroaryl, 
20 wherein said alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, 

heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Zn- 
heterocycloalkyl, Zn-Ar or Z n -heteroaryl may be substituted or unsubstituted, 

or R 1 together with R 2 and N forms a saturated or partially unsaturated 
heterocycle ring having 1 or more heteroatoms in said ring, wherein said 
25 heterocycle may be substituted or unsubstituted and wherein said heterocycle 
may be fused to an aromatic ring; 

6 
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heteroalkynyl, alkoxy, heteroalkoxy, Zn-cycloalkyl, Z n -heterocycloalkyl, Z n -Ar 
or Zn-heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, heteroalkyl, 
heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, 
Zn-heterocycloalkyl, Z n -Ar or Z n -heteroaryl may be substituted or 
5 unsubstituted, and where Z n , R 1 and n are as defined above. The invention is 
also directed to pharmaceutical^ acceptable prodrugs, pharmaceutical^ 
active metabolites, and pharmaceutical^ acceptable salts of the compound of 
Formula 111. Methods of making the compounds of Formula III are also 
described. 

10 The invention further relates to a method for treating proliferative 

diseases such as cancers. More specifically, one embodiment of this 
invention provides a method of treating or preventing a tumor or cancer in a 
patient comprising administering to said patient in need thereof an effective 
amount of a compound having the Formula Mil or a pharmaceutically- 

1 5 acceptable salt or in vivo cleavable prodrug thereof. Other aspects of the 

invention include methods for treating cancers mediated by MDM2. Examples 
of cancers that may be treated of prevented by the compounds of this 
invention include, but are not limited to, breast, colorectal, cervical, ovarian, 
brain, acute leukemia, gastric, non-small cell lung, pancreatic, and renal 

20 cancer. 

The invention also features methods of combination therapy, such as a 
method for treating cancer, wherein the above methods further include 
providing radiation therapy or chemotherapy. The chemotherapy or radiation 
therapy may be administered before, concurrently, or after the administration 

25 of a disclosed compound according to the needs of the patient. 

In a further aspect the present invention provides methods of inhibiting 
MDM2 expression in a mammal, comprising administering an amount of a 
compound effective to inhibit said expression, said compound having the 
Formula l-lll or a pharmaceutical^ acceptable salt or in vivo cleavable 

30 prodrug thereof. 
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The term "tumor" as used herein refers to abnormal growth in tissue 
which occurs when cellular proliferation is more rapid than normal tissue and 
continues to grow after the stimuli that initiated the new growth cease. Tumors 
generally exhibit partial or complete lack of structural organization and 

5 functional coordination with the normal tissue, and usually form a distinct 
mass of tissue which may be benign (benign tumor) or malignant (carcinoma). 
Tumors tend to be highly vascularized. 

The term "cancer" is used as a general term herein to describe 
malignant tumors or carcinoma. These malignant tumors may invade 

10 surrounding tissues, may metastasize to several sites and are likely to recur 
after attempted removal and to cause death of the patient unless adequately 
treated. As used herein, the terms carcinoma and cancer are subsumed 
under the term tumor. 

In general, one embodiment of the invention relates to novel boronic 

15 chalcone compounds of the general Formula 1: 




where 

Ar is aryl or heteroaryl, each of which may be substituted or 
20 unsubstituted; 

W is H, Zn-F, Z n -CI, Z n -Br, Z n -I, Z n -CF 3 , Z n -N0 2 , Z n -OR 1 , Z n -NR 1 R 2 , Z n - 
COOR 1 , Zn-SR 1 , Z n -(C=0)R 1 , Z n -0(C=0)R 1 , Z n -NR 1 (C=0)R 1 , Z n -(C=0)NR 1 , 
alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 
heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, Z n -Ar 
25 or Z n -heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, heteroalkyl, 

heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, 
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thienyl, pyrrolyl, pyrazolyl, pyrimidinyi, imidazolyl, indolyl, quinolyl, 
benzopyranyl, thiazolyl, oxazolyl, isoxazolyl, thiophenyl, 1,3,4-triazolyl, 
tetrazolyl, pyridinyl, pyrimidinyi, pyridazinyl, indolyl, and derivatives thereof. 
Alkyl groups include aliphatic (i.e., hydrocarbyl or hydrocarbon radical 

5 structures containing hydrogen and carbon atoms) with a free valence. Alkyl 
groups are understood to include straight chain and branched structures. The 
alkyl group can be substituted with one or more substituents which are 
independently selected from the substituents described herein. Examples of 
alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, 

10 butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, tert-pentyl, hexyl, 
isohexyl, and the like. 

Alkenyl groups are analogous to alkyl groups, but have at least one 
double bond (two adjacent sp 2 carbon atoms). Depending on the placement 
of a double bond and substituents, if any, the geometry of the double bond 

15 may be entgegen (E), or zusammen (Z), cis, or trans. Similarly, alkynyl 
groups are analogous to alkyl groups, but have at least one triple bond (two 
adjacent sp carbon atoms). Unsaturated alkenyl or alkynyl groups may have 
one or more double or triple bonds, respectively, or a mixture thereof; like 
alkyl groups, unsaturated groups may be straight chain or branched, and they 

20 may be substituted as described both above for alkyl groups and throughout 
the disclosure by example. The alkenyl or alkynyl groups can be substituted 
with one or more substituents which are independently selected from the 
substituents described herein. 

The term "alkylene" means a linear or branched saturated divalent 

25 hydrocarbon radical of one to twelve carbon atoms, e.g., methylene, ethylene, 
propylene, 2-methylpropylene, pentylene, and the like. 

The term "alkenylene" refers to a linear or branched divalent 
hydrocarbon radical of two to twelve carbons containing at least one double 
bond, wherein the alkenylene radical may be optionally substituted 
30 independently with one or more substituents described herein. Examples 
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is a heteroatom selected from nitrogen, oxygen and sulfur, the remaining ring 
atoms being C where one or more ring atoms may be optionally substituted 
independently with one or more substituent described below. The radical may 
be a carbon radical or heteroatom radical. "Heterocycloalkyl" also includes 

5 radicals where heterocycle radicals are fused with aromatic or heteroaromatic 
rings. Examples of heterocycloalkyl rings include, but are not limited to, 
piperidyl, quinolyl, isothiazolyl, piperidinyl, morpholinyl, piperazinyl, 
tetrahydrofuryl, tetrahydropyrrole, pyrrolidinyl, octahydroindolyl, 
octahydrobenzothiofuranyl, and octahydrobenzofuranyl. 

10 The term "heteroalkenyl" refers to linear or branched-chain monovalent 

hydrocarbon radical of two to twelve carbon atoms, containing at least one 
double bond, e.g., ethenyl, propenyl, and the like, wherein at least one of the 
carbon atoms is replaced with a heteroatom selected from N, O, or S, and 
wherein the radical may be a carbon radical or heteroatom radical (i.e., the 

15 heteroatom may appear in the middle or at the end of the radical). The 

heteroalkenyl radical may be optionally substituted independently with one or 
more substituents described herein, and includes radicals having "cis" and 
"trans" orientations, or alternatively, "E" and "Z" orientations. 

The term "heteroalkynyl" refers to a linear or branched monovalent 

20 hydrocarbon radical of two to twelve carbon atoms containing at least one 
triple bond. Examples include, but are not limited to, ethynyl, propynyl, and 
the like, wherein at least one of the carbon atoms is replaced with a 
heteroatom selected from N, O, or S, and wherein the radical may be a 
carbon radical or heteroatom radical (i.e., the heteroatom may appear in the 

25 middle or at the end of the radical). The heteroalkynyl radical may be 

optionally substituted independently with one or more substituents described 
herein. 

The term "heteroallyl" refers to radicals having the formula 
RC=CHCHR 1 , wherein R and R 1 are independently alkyl, alkenyl, alkynyl, 
30 cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or any substituent as defined 
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(trimethylsilyl)ethoxymethyl (SEM), methylethyl and tert-butyl esters, and the like. 

In general, the various moieties or functional groups of the compounds 
of Formulas l-lll may be optionally substituted by one or more substituents. 
Examples of substituents suitable for purposes of this invention include, but 
5 are not limited to, F, CI, Br, I, alkyl, ally!, alkenyl, alkynyl, heteroalkyl, 

heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, 
Z n -heterocycloalkyl, Z n -OR 1 , Z n -N0 2 , Z n -CN, Z n -C0 2 R 1 , Z n -(C=0)R 1 , 
Z n -0(C=0)R 1 , Z n -0-alkyl, Z n -OAr, Z n -SH, Z n -SR 1 , Z n -SOR 1 , Z n -S0 2 R 1 , Zn-S- 
Ar, Zn-SOAr, Z n -S0 2 Ar, Z n -Ar, Z n -heteroaryl, Zn-(C=0)NR 1 R 2 , Z n -NR 1 R 2 , Z n - 
10 NR 1 (C=0)R 1 , Z n -S0 2 NR 1 R 2 , P0 3 H 2 , S0 3 H 2 , amine protecting groups, alcohol 
protecting groups, sulfur protecting groups, or acid protecting groups, where: 
Z is alkylene having from 1 to 4 carbons, or alkenylene or alkynylene 
each having from 2 to 4 carbons, wherein said alkylene, alkenylene, or 
alkynylene may be substituted or unsubstituted; 
15 n is zero or any integer, 

R 1 and R 2 are alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, 
heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, or Zn- 
heterocycloalkyl, Ar or heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, 
heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n - 
20 cycloalkyl, Z n -heterocycloalkyl, Ar, or heteroaryl may be substituted or 
unsubstituted. 

The compounds of this invention may possess one or more asymmetric 
centers; such compounds can therefore be produced as individual (R)- or (S)- 
stereoisomers or as mixtures thereof. Unless indicated otherwise, the 
25 description or naming of a particular compound in the specification and claims 
is intended to include both individual enantiomers and mixtures, racemic or 
otherwise, thereof. Accordingly, this invention also includes racemates and 
resolved enantiomers, and diastereomers compounds of the Formulas l-lll. 
The methods for the determination of stereochemistry and the separation of 
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Pharmaceutical Sciences, 77:285 (1988); and e) N. Kakeya, et al., Chem. 
Pharm. Bull., 32: 692 (1984). 

The compounds of this invention, including prodrug forms of these 
agents, can be provided in the form of pharmaceutical^ acceptable salts. As 

5 used herein, the term pharmaceutical^ acceptable salts or complexes refers 
to appropriate salts or complexes of the active compounds according to the 
present invention which retain the desired biological activity of the parent 
compound and exhibit limited toxicological effects to normal cells. Nonlimiting 
examples of such salts are acid addition salts formed with inorganic acids (for 

10 example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, 
nitric acid, and the like), and salts formed with organic acids such as acetic 
acid, oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic 
acid, tannic acid, pamoic acid, alginic acid, and polyglutamic acid, among 
others 

15 The inventive compounds may be prepared using the reaction routes 

and synthesis schemes as described below, employing the techniques 
available in the art using starting materials that are readily available. For 
example, in one embodiment boronic chalcone compound (4), which is based 
upon a chemical structure I: 



can be prepared according to the reaction scheme shown in Figure 1. In 
Figure 1, aldehyde (1) and ketone (2) undergo a Claisen-Schmidt aldol 
condensation upon treatment with potassium hydroxide in methanol according 
25 to standard methods to provide compound (3). Treatment of compound (3) 
with pinacol (bromoalkyl)boronate in the presence of sodium hydride in THF 
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In another embodiment, this invention relates to compounds of the 
general Formula III: 




5 where Ar is as defined above and R 4 is H, an amine protecting group, Z n -OR 1 , 
Zn-SR 1 , Z n -R 1 , Z n -NR 1 (C=0)R 1 , Z n -C=OR\ Z n -OC(=0)R 1 , Z n -C(=0)OR 1 , alkyl, 
allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
alkoxy, heteroalkoxy, Z n -cycloaIkyl, Z n -heterocycloalkyl, Z n -Ar or Z n -heteroaryI, 
wherein said alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, 

10 heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Zn- 
heterocycloalkyl, Zn-Ar or Z n -heteroaryl may be substituted or unsubstituted, 
and where Z n , R 1 and n are as defined above. 

Figure 4 shows a general reaction scheme for the synthesis of 
chalcone compound (19) based upon structure III. For example, reacting 1- 

15 aryl-2-propynon (16) with lithium chloride in acetic acid at room temperature 
provides 3-chloro-1-arylpropenone (17). Treatment of compound (17) with an 
arylaminoboronic acid (18) in the presence of triethylamine provides 
compound (19). 

It is important to note that the methods of synthesizing the disclosed 
20 compounds are general examples, and one of ordinary skill may readily 
determine or provide alternative syntheses for producing compounds 
according to the present invention without engaging in undue 
experimentation. Using the general and specific synthetic methodologies 
described herein, a number of the chemical compounds as set forth in Table 1 
25 were synthesized. 

The compounds of the present invention are useful for treating or 
preventing benign and malignant tumors, including various cancers such as, 
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common method of assessing activity is through the use of test panels of 
cancer cell lines. These tests evaluate the in vitro anti-cancer activity of 
particular compounds in cancer cell lines, and provide predictive data with 
respect to the use of tested compounds in vivo. Other assays include in vivo 
5 evaluations of the compound's effect on human or in an appropriate animal 
model, for example, using mouse tumor cells implanted into or grafted onto 
mice or in other appropriate animal models. 

In the case of testing the anti-cancer activity of compounds according 
to the present invention, an assay based on human breast cancer MDA-MB- 
10 231 (estrogen receptor negative) and wtMCF7 (estrogen receptor positive) 
cells may be employed as described in Example 2. In this assay, cells are 
seeded onto a 96-well plate and treated with a compound according to the 
present invention at a known concentration. The cell numbers are counted 
and compared against controls. Percent inhibition is readily determined from 
15 the data obtained. Other methods known in the art may also be used without 
undue experimentation to assay the anti-cancer activity of the disclosed 
compounds. 

Therapeutically effective amounts of the compounds of the invention 
may also be used to treat diseases mediated by expression of MDM2. An 

20 "effective amount" is intended to mean that amount of compound that, when 
administered to a mammal in need of such treatment, is sufficient to inhibit or 
attenuate expression of MDM2. Thus, for example, a therapeutically effective 
amount of a compound selected from Formulas l-lll, or a salt, active 
metabolite or prodrug thereof, is a quantity sufficient to modulate, regulate, or 

25 inhibit expression of MDM2. 

The amount of a given agent that will correspond to such an amount 
will vary depending upon factors such as the particular compound, disease 
condition and its severity, the identity (e. g., weight) of the mammal in need of 
treatment, but can nevertheless be routinely determined by one skilled in the 

30 art. "Treating" is intended to mean at least the mitigation of a disease 
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their therapeutic activity. In particular, the modification of the present 
compounds to render them more soluble in water or other vehicle, for 
example, may be easily accomplished by minor modifications (salt 
formulation, esterification, etc.) which are well within the ordinary skill in the 
5 art. It is also well within the skill of those skilled in the art to modify the route of 
administration and dosage regimen of a particular compound in order to 
manage the pharmacokinetics of the present compounds for maximum 
beneficial effect to the patient. 

The compositions of the invention may be in a form suitable for oral 
10 use (for example as tablets, lozenges, hard or soft capsules, aqueous or oily 
suspensions, emulsions, dispersible powders or granules, syrups or elixirs), 
for topical use (for example as creams, ointments, gels, or aqueous or oily 
solutions or suspensions), for administration by inhalation (for example as a 
finely divided powder or a liquid aerosol), for administration by insufflation (for 
1 5 example as a finely divided powder) or for parenteral administration (for 
example as a sterile aqueous or oily solution for intravenous, subcutaneous, 
or intramuscular dosing or as a suppository for rectal dosing). For example, 
compositions intended for oral use may contain, for example, one or more 
coloring, sweetening, flavoring and/or preservative agents. 
20 Suitable pharmaceutically-acceptable excipients for a tablet formulation 

include, for example, inert diluents such as lactose, sodium carbonate, 
calcium phosphate or calcium carbonate, granulating and disintegrating 
agents such as corn starch or algenic acid; binding agents such as starch; 
lubricating agents such as magnesium stearate, stearic acid or talc; 
25 preservative agents such as ethyl or propyl p-hydroxybenzoate, and anti- 
oxidants, such as ascorbic acid. Tablet formulations may be uncoated or 
coated either to modify their disintegration and the subsequent absorption of 
the active ingredient within the gastrointestinal tract, or to improve their 
stability and/or appearance, in either case, using conventional coating agents 
30 and procedures well known in the art. 
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Dispersible powders and granules suitable for preparation of an 
aqueous suspension by the addition of water generally contain the active 
ingredient together with a dispersing or wetting agent, suspending agent and 
one or more preservatives. Suitable dispersing or wetting agents and 
5 suspending agents are exemplified by those already mentioned above. 

Additional excipients such as sweetening, flavoring and coloring agents, may 
also be present. 

The pharmaceutical compositions of the invention may also be in the 
form of oil-in-water emulsions. The oily phase may be a vegetable oil, such 
10 as olive oil or arachis oil, or a mineral oil, such as for example liquid paraffin 
or a mixture of any of these. Suitable emulsifying agents may be, for 
example, naturally-occurring gums such as gum acacia or gum tragacanth, 
naturally-occurring phosphatides such as soya bean, lecithin, an esters or 
partial esters derived from fatty acids and hexitol anhydrides (for example 
15 sorbitan monooleate) and condensation products of the said partial esters 
with ethylene oxide such as polyoxyethylene sorbitan monooleate. The 
emulsions may also contain sweetening, flavoring and preservative agents. 

Syrups and elixirs may be formulated with sweetening agents such as 
glycerol, propylene glycol, sorbitol, aspartame or sucrose, and may also 
20 contain a demulcent, preservative, flavoring and/or coloring agent. 

The pharmaceutical compositions may also be in the form of a sterile 
injectable aqueous or oily suspension, which may be formulated according to 
known procedures using one or more of the appropriate dispersing or wetting 
agents and suspending agents, which have been mentioned above. A sterile 
25 injectable preparation may also be a sterile injectable solution or suspension 
in a non-toxic parenterally-acceptable diluent or solvent, for example a 
solution in 1,3-butanediol. 

Suppository formulations may be prepared by mixing the active 
ingredient with a suitable non-irritating excipient which is solid at ordinary 
30 temperatures but liquid at the rectal temperature and will therefore melt in the 
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with an appropriate and convenient amount of excipients which may vary from 
about 5 to about 98 percent by weight of the total composition. Dosage unit 
forms will generally contain about 1 mg to about 500 mg of an active 
ingredient. For further information on routes of administration and dosage 

5 regimes, see Chapter 25.3 in Volume 5 of Comprehensive Medicinal 

Chemistry (Corwin Hansch; Chairman of Editorial Board), Pergamon Press 
1990, which is specifically incorporated herein by reference. 

The size of the dose for therapeutic or prophylactic purposes of a 
compound of Formula l-lll will naturally vary according to the nature and 

10 severity of the conditions, the age and sex of the animal or patient and the 
route of administration, according to well known principles of medicine. 

In one aspect of this invention, the compounds of this invention or 
pharmaceutical salts or prodrugs thereof may be formulated into 
pharmaceutical compositions for administration to animals or humans to treat 

15 or prevent solid tumors or cancer. 

EXAMPLES 

In order to illustrate the invention, the following examples are included. 
However, it is to be understood that these examples do not limit the invention 
and are only meant to suggest a method of practicing the invention. Persons 

20 skilled in the art will recognize that the chemical reactions described may be 
readily adapted to prepare a number of other boronic chalcones of the 
invention, and alternative methods for preparing the compounds of this 
invention are deemed to be within the scope of this invention. For example, 
the synthesis of non-exemplified compounds according to the invention may 

25 be successfully performed by modifications apparent to those skilled in the 
art, e.g., by appropriately protecting interfering groups, by utilizing other 
suitable reagents known in the art other than those described, and/or by 
making routine modifications of reaction conditions. Alternatively, other 
reactions disclosed herein or known in the art will be recognized as having 

30 applicability for preparing other compounds of the invention. 
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319 [Mf ( 35 CI 35 CI 10 B), 320 [Mf ( 35 CI 35 CI 11 B), 321 [Mf ( 35 CI 37 CI 10 B), 322 

[Mf ( 35 CI 37 CI 11 B), 323 [Mf ( 37 C1 37 C! 10 B), 324 [Mf ( 37 CI 37 CI 11 B); Yield 80 %. 

Example 4 
Compound 3c 

5 1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 7.14 (d, J= 8.4 Hz, 1H), 7.66 (d, 

J = 8 Hz, 2H), 7.68 (d, J= 15.2 Hz, 1H), 7.72 (d, J= 15.2 Hz, 1H), 7.77 (d, J = 
8.4 Hz, 1H), 7.86 (d, J= 2.4 Hz, 1H), 8.05 (d, J= 8 Hz, 2H); m.p. 242-243° C; 
mass spectrum (El mode): m/z = 303 [Mf ( 35 CI 10 B), 304 [Mf ( 35 CI 11 B), 305 
[Mf ( 37 CI 10 B), 306 [Mf ( 37 CI 11 B); Yield 90 %. 

10 Example 5 

Compound 3d 

1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 7.15 (dd, J = 8.4 Hz, 8.8Hz, 1H), 
7.61 (m, 2H), 7.51 (m, 1H), 7.63 (d, J = 15.6 Hz, 1H), 7.73 (d, J= 15.6 Hz, 
1H), 7.77 (m, 1H), 8.05 (d, J = 7.8 Hz, 2H); m.p. 254-255° C; mass spectrum 
15 (El mode): m/z = 287 [Mf ( 10 B), 288 [Mf ( 11 B); Yield 85 %. 

Example 6 
Compound 3e 

1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 7.12 (d, J= 8.4 Hz, 1H), 7.66 (d, 
J= 16 Hz, 1H), 7.71 (d, J= 16 Hz, 1H), 7.73 (m, 1H), 7.77 (d, J = 8 Hz, 2H), 
20 8.01 (d, J = 2 Hz, 1H), 8.05 (d, J= 8Hz, 2H); m.p. 163-164° C; mass spectrum 
(El mode): m/z = 347 [Mf ( 79 Br 10 B), 348 [Mf ( 79 Br 11 B), 349 [Mf ( 81 Br 10 B), 
350 [Mf ( 81 Br 11 B); Yield 89%. 

Example 7 
Gompound 3f 

25 1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 4.81 (s, 2H), 7.04 (d, J = 8.8 Hz, 

2H), 7.62 (d, J = 15.6 Hz, 1H), 7.66 (d, J = 8 Hz, 2H), 7.8 (d, J= 8.4 Hz, 2H), 



30 



. + [|/\|] 0Z£ '(a 0t IO ge IO 9e ) . + [IA1] 6l£ = z/m :(8poui 13 ) uinqoeds ssblu ! 0 0 98Z-€8Z 
d in !(H|, 'ZH 91 =r 'P) 6U 8 '(HI 'ZH 91 'ZH Z 8 =f 'PP) 667. '(HI- 'ZH 9 91- 
= P 'P) Z87 '(H9 'w) l^L'lrLQ'l :(wdd) q (aO e aO 'ZHI/M 00*) UI/MN H,. 

8 punoauioo 
1 1 8|duuBxg 

% 9* PI©!A :(a u ) .JlAll 80* '(a 0l ) .JM ZO* = z/tu :(8poui 
□) uimpeds ssblu :(hz 'zh * 8 =T 'P) 908 '(HI 'ZH 9 91 = f 'P) 087 '(HI- 
'ZH 9 9U = r 'P) 997. '(HZ 'ZH *8 =T 'P> 97 '(HZ 'ZH 8 8 = f 'P) 31-7 '(HZ 
'zh 8"8 = P 'P) 10 I '(HZ 's) Lt7'8 :(wdd) g (QO c aO 'ZHIAI 00*) blVMN H,. 
/ punoauioo 
OL 8|daiex3 

■% 86 PI9IA .JlAll 099 = :(9P°w 
13) lunjjoeds sseiu !q 0 91Z-9|.Z -d ui !(HZ 'zh *8 = P 'P) 0 8 '(HZ 'ZH 8 
= p 'p) 9Z7 '(HI 'ZH 99 l =P 'P) U"Z '(HI 'ZH 9'9l =P 'P) Z97 '(HZ 'ZH f8 = 
r 'P) 987 '(HZ 'zh 8 = T 'P) 96-9 :(wdd) Q (aO c aO 'ZHI/M 00*) UI/MN H v 
g punoauioo 
6 8|diuex3 

% 96 PI91A KlO AS IO ze .JlAll *9£ '(lO ze IO S£ ) M Z98 '(lO se IO se ) M 098 = z/w 
:(apoui 13) Lumpads ssblu '.q 0 Z8L"98l d ui !(HZ 'zh Z"6 = f 'P) ZI Q '(HI- 'ZH Z 
= T 'P) 967 '(HI- 'ZH 9'9L =T 'P) Z87 '(HZ 'w) Z97 '(HI- 'ZH 8'8=T 'P) 897 '(HZ 
'ZH Z 6 = P 'P) Z07 '(HZ 's) 1-6* :(wdd) q (QO c aO 'ZHI/M 00*) UI/MN H t 
D£ punoauioo 
8 9|duiex3 

■% 06 P18IA . + [l/Ml 80* = z/lu :(epoui 13) uimpeds 
ssblu :o oZ8Z"l-8Z d uj :(hz 'ZH 8 8 =P 'P) U m Q '(HI 'ZH 9 91 =T 'P) Z67 



WO 03/106384 



PCT/US03/18962 



( 35 CI 35 CI 11 B), 321 [Mf ( 35 CI 37 CI 10 B), 322 [Mf ( 35 CI 37 CI 11 B), 323 [Mf 

( 37 CI 37 CI 10 B), 324 [Mf ( 37 CI 37 CI 11 B); Yield 68 %. 

Example 12 
Compound 9 

5 1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 4.79 (s, 2H), 7.02 (d, J = 8.8 Hz, 

2H), 7.76 (d, J= 15.6 Hz, 1H), 7.83-7.91 (m, 4H), 8.11 (dd, J= 8 Hz, 2Hz, 
1 H), 8.4 (d, J = 2 Hz, 1H); m.p. 209-210° C; mass spectrum (El mode): m/z = 
350 [Mf ( 35 CI 35 CI), 352 [Mf ( 35 CI 37 CI), 354 [Mf ( 37 CI 37 CI); Yield 78 %. 
Example 13 

10 Compound 1 1 

1 H NMR (400 MHz, CD 3 OD) 5 (ppm): 6.31 (dd, J = 2.4 Hz, 3.2 Hz, 1H), 
7.15 (d, J = 2.4 Hz, 1H), 7.25 (d, J= 3.2 Hz, 1H), 7.55 (d, J= 15.6 Hz, 1H), 
7.66 (m, 2H), 7.7 (d, J = 15.6 Hz, 1H), 7.79 (m, 2H); m.p. 229-231° C; mass 
spectrum (El mode): m/z = 240 [Mf ( 10 B), 241 [Mf ( 11 B); Yield 60 %. 
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supplemented with 5% fetal bovine serum and 2 mM glutamine. Each cell line 
used has unique growth characteristics spanning the spectrum of tumor 
invasiveness, differentiation and estrogen dependence. Normal breast 
epithelial cell lines, MCF-1 OA and MCF-12A, were maintained in 5% and 10% 

5 horse serum in DMEM:Ham's F12 media, respectively, supplemented with 2 
mM glutamine, 100 units/mL penicillin/streptomycin, 0.02 ug/mL EGF, 0.01 
mg/mL insulin, and 0.1 ug/mL cholera toxin. 

Cells were incubated at 37° C in a 5% C0 2 atmosphere. The MTT 
colorimetric assay was used to determine growth inhibition (Mosmann, T., J. 

10 Immunol. Methods, 1983, 65, 55-63). Cells were plated in 96-well plates and 
allowed to attach for 24 hours. Chalcone derivatives based on compounds 20 
and 21 below were dissolved in DMSO at 10 mM concentrations. Cells were 
expose in quadruplicate well to chalcone concentrations of 0.5-100 DM for 96 
hours. After 96 hours the media was aspirated, and 100 DL of 1 mg/mL MTT 

15 solution (Sigma Chemical Co.) diluted in serum free media was added to each 
well. After 4 hours of incubation, the MTT solution was removed and 200 DL 
of 1:1 (v/v) solution of DMSO: ethanol was added to each well to dissolve 
formazan crystals. The absorbance at A 5 40nm was determined on a plate 
reader. IC 50 values were determined from log plots of percent of control vs. 

20 concentration. Each compound was assayed twice in quadruplicate. Analogs 
3g and 9 have been previously described (Stoll R., et al., supra; Kussie, P. H., 
et al., supra) and were included for comparative purposes. 
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Compound 3a, 3d, 3e, 7, 8, 10 and 11 are 5-10 fold more toxic to human 
breast cancer cell lines compared to normal breast epithelial cell lines (Table 
1). In the presence of these compounds, cell growth in the human breast 
cancer cell lines MDA-MB-435, MDA-MB-231, and wt-MCF7 is inhibited, 
5 indicated by the range of low IC 50 values from 3.5 to 23. Cell growth in the 
normal breast epithelial cell lines MCF-1 OA and MCF-12A is less inhibited, 
shown by higher IC 5 o values ranging from 1 1 to 75. 



Table 1 . Chalcones inhibit growth of human breast cell lines 3 



Compound 


MDA-MB-435 
IC 50 


MDA-MB-231 
1C 50 


Wt-MCF7 
IC 50 


MCF-1 OA 
IC 50 


MCF-1 2A 
IC 50 


3a 


10 


8.8 


7.0 


75 


63 


3b 


3.5 


9.5 


5.0 


18 


11 


3c 


16 


8.5 


6.0 


25 


22 


3d 


8.8 


8.8 


7.8 


18 


39 


3e 


8.8 


9.5 


8.5 


17 


38 


3f 


18 


44 


9 


44 


38 


3g 


9 


9 


13 


13 


15 


6 


4.5 


8 


7 


15 


30 


7 


18 


11 


9.5 


38 


100 


8 


4 


8 


5.5 


18 


15 


9 


13 


18 


15 


12 


28 


10 


15 


15 


9 


63 


38 


11 


15 


23 


19 


38 


60 



a IC 5 o values expressed in ^M; see biology section for details of the MTT 
10 assay. 

The foregoing description is considered as illustrative only of the 
principles of the invention. Further, since numerous modifications and 
changes will be readily apparent to those skilled in the art, it is not desired to 
limit the invention to the exact construction and process shown as described 
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CLAIMS 

What is claimed is: 

1 . A compound including resolved enantiomers, diastereomers, 
solvates and pharmaceutical^ acceptable salts thereof, said compound 
5 having the Formula (I): 




(CH,)— B(OH) 2 



where: 

Ar is aryl or heteroaryl, each of which may be substituted or 
10 unsubstituted; 

W iS H, Zn-F, Zn-CI, Zn-Br, Z n -I, Zn-CF 3> Z n -N0 2) Zn-OR 1 , Z n -NR 1 R 2 , Z n - 

COOR 1 , Zn-SR 1 , Z n -(C=0)R 1 , Z n -0(C=0)R 1 , Z n -NR 1 (C=0)R 1 , Z n - 
(C=0)NR 1 , alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, 
heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycIoalkyl, Z n - 

15 heterocycloalkyl, Z n -Ar or Z n -heteroaryl, wherein said alkyl, allyl, 

alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, Z n -Ar or 
Zn-heteroaryl may be substituted or unsubstituted; 
X is Z n , Z n -0, Z n -S, Z n -NR 1 , Z n -NR 1 (C=0), Z n -C=0, Z n -OC(=0), or Z n - 

20 C(=0)0; 

R 1 and R 2 are independently H, an amine protecting group, an alcohol 
protecting group, an acid protecting group, a sulfur protecting group, 
alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 
heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, 

25 Zn-Ar or Z n -heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, 

heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, 
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The compound of claim 1 having the structure 




"B(OH) 2 

The compound of claim 1 having the structure 




B(OH) 2 

The compound of claim 1 having the structure 

o 



[ 2 B(OH) 2 



The compound of claim 1 having the structure 





"B(OH) 2 

The compound of claim 1 having the structure 



T>CH 2 B(OH) 2 
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or R 1 together with R 2 and N forms a saturated or partially unsaturated 
heterocycle ring having 1 or more heteroatoms in said ring, wherein 
said heterocycle may be substituted or unsubstituted and wherein said 
heterocycle may be fused to an aromatic ring; 

5 R 3 is an electron-withdrawing moiety; 

Z is an alkylene having at least 1 carbon, or an alkenylene or 
alkynylene each having at least 2 carbons, wherein said alkylene, 
alkenylene, or alkynylene may be substituted or unsubstituted; and 

n = zero or any integer. 

10 11. The compound of claim 1 0, wherein R 3 is fluoro, chloro, bromo, 

iodo, N0 2 , NH 2 , CN, S0 2 R 1 , S0 2 Ar, COOH, OAr, COOR 1 , OR 1 , COR 1 , SH, 
SR 1 , OH, CF 3 , Ar, alkenyl, alkynyl orallyl, wherein said OAr, Ar, alkenyl, 
alkynyl and allyl may be optionally unsubstituted or substituted with an 
electron withdrawing moiety 

15 12. A compound including resolved enantiomers, diastereomers, 

solvates and pharmaceutically acceptable salts thereof, said compound 
having the Formula (III): 



O B(OH) 2 




III 

where 

Ar is aryl or heteroaryl, each of which may be substituted or 
unsubstituted; 

R 4 is H, an amine protecting group, Z n -OR 1 , Z n -SR 1 , Z n -NR 1 , Z n - 
NR 1 (C=0)R 1 , Z n -C=OR\ Z n -OC(=0)R 1 , Z n -C(=0)OR 1 , alkyl, allyl, 
alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
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heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n - 
heterocycloalkyl, Z n -Ar or Z n -heteroaryl, wherein said alkyl, allyl, 
alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, Z n -Ar or 
5 Zn-heteroaryl may be substituted or unsubstituted; 

X is Z n , Zn-O, Z n -S, Z n -NR 1 , Z n -NR 1 (C=0), Z n -C=0, Z n -OC(=0), or Z n - 
C(=0)0; 

R 1 and R 2 are independently H, an amine protecting group, an alcohol 
protecting group, an acid protecting group, a sulfur protecting group, 

10 alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 

heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, 
Zn-Ar or Z n -heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, 
heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, 
heteroalkoxy, Z n -cycloalkyl, Zn-heterocycloalkyl, Z n -Ar or Z n -heteroaryl 

15 may be substituted or unsubstituted, 

or R 1 together with R 2 and N forms a saturated or partially unsaturated 
heterocycle ring having 1 or more heteroatoms in said ring, wherein 
said heterocycle may be substituted or unsubstituted and wherein said 
heterocycle may be fused to an aromatic ring; 

20 Z is an alkylene having at least 1 carbon, or an alkenylene or 

alkynylene each having at least 2 carbons, wherein said alkylene, 
alkenylene, or alkynylene may be substituted or unsubstituted; and 

n is zero or any integer. 

14. The method of claim 13, wherein said tumor is selected from the 
25 group consisting of breast, cervical, stomach, colon, bladder, rectal, liver, 
pancreatic, lung, cervix uteri, corpus uteri, ovary, prostate, testis, renal, 
brain/ens, head, neck, throat, anal and oral cancers, eye or ocular cancer, 
skin melanoma, Ewing's Sarcoma, Kaposi's Sarcoma, basal cell carcinoma 
and squamous cell carcinoma, small cell lung cancer, mouth/pharynx, 
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heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyI, Z n -Ar or Z n -heteroaryl 
may be substituted or unsubstituted, 

or R 1 together with R 2 and N forms a saturated or partially unsaturated 
heterocycle ring having 1 or more heteroatoms in said ring, wherein 
5 said heterocycle may be substituted or unsubstituted and wherein said 

heterocycle may be fused to an aromatic ring; 

R 3 is an electron-withdrawing moiety; 

Z is an alkylene having at least 1 carbon, or an alkenylene or 
alkynylene each having at least 2 carbons, wherein said alkylene, 
10 alkenylene, or alkynylene may be substituted or unsubstituted; and 

n = zero or any integer. 

16. The method of claim 15, wherein said tumor is selected from the 
group consisting of breast, cervical, stomach, colon, bladder, rectal, liver, 
pancreatic, lung, cervix uteri, corpus uteri, ovary, prostate, testis, renal, 
15 brain/ens, head, neck, throat, anal and oral cancers, eye or ocular cancer, 
skin melanoma, Ewing's Sarcoma, Kaposi's Sarcoma, basal cell carcinoma 
and squamous cell carcinoma, small cell lung cancer, mouth/pharynx, 
esophageal, larynx, kidney and lymphoma, acute lymphocytic leukemia, and 
acute myelogenous leukemia. 

20 1 7. A method of treating a tumor or cancer in a patient in need 

thereof comprising administering to said patient an effective amount of a 
compound having the Formula (III): 




III 
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1 9. A method of inhibiting MDM2 expression in a mammal, 
comprising administering an amount of a compound effective to inhibit said 
expression, said compound having the Formula (l): 




where 

Ar is aryl or heteroaryl, each of which may be substituted or 
unsubstituted; 

W is H, Z n -F, Zn-CI, Z n -Br, Z n -I, Z n -CF 3 , Z n -N0 2 , Z n -OR 1 , Z n -NR 1 R 2 , Z n - 
COOR 1 , Zn-SR 1 , Z n -(C=0)R\ Z n -0(C=0)R 1 , Z n -NR 1 (C=0)R 1 , Z n - 
(C=0)NR 1 , alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, 
heteroalkenyl, heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n - 
heterocycloalkyl, Z n -Ar orZ n -heteroaryl, wherein said alkyl, allyl, 
alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, 
alkoxy, heteroalkoxy, Z n -cycioalkyl, Z n -heterocycloalkyl, Z n -Ar or 
Zn-heteroaryl may be substituted or unsubstituted; 
X is Z n , Z n -0, Z n -S, Zn-NR 1 , Z n -NR 1 (C=0), Z n -C=0, Z n -OC(=0), or Z n - 
C(=0)0; 

R 1 and R 2 are independently H, an amine protecting group, an alcohol 
protecting group, an acid protecting group, a sulfur protecting group, 
alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 
heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, 
Z n -Ar or Z n -heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, 
heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, 
heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, Z n -Ar or Z n -heteroaryl 
may be substituted or unsubstituted, 
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X is Z n , Zn-O, Z n -S, Z n -NR 1 , Z n -NR 1 (C=0), Z n -C=0, Z n -OC(=0), or Z n - 
C(=0)0; 

R 1 and R 2 are independently H, an amine protecting group, an alcohol 
protecting group, an acid protecting group, a sulfur protecting group, 

5 alkyl, allyl, alkenyl, alkynyl, heteroalkyl, heteroallyl, heteroalkenyl, 

heteroalkynyl, alkoxy, heteroalkoxy, Z n -cycloalkyl, Z n -heterocycloalkyl, 
Zn-Ar or Z n -heteroaryl, wherein said alkyl, allyl, alkenyl, alkynyl, 
heteroalkyl, heteroallyl, heteroalkenyl, heteroalkynyl, alkoxy, 
heteroalkoxy, Z n -cycloalkyl, Zn-heterocycloalkyl, Z n -Ar or Z n -heteroaryl 

10 may be substituted or unsubstituted, 

or R 1 together with R 2 and N forms a saturated or partially unsaturated 
heterocycle ring having 1 or more heteroatoms in said ring, wherein 
said heterocycle may be substituted or unsubstituted and wherein said 
heterocycle may be fused to an aromatic ring; 

15 R 3 is an electron-withdrawing moiety; 

Z is an alkylene having at least 1 carbon, or an alkenylene or 
alkynylene each having at least 2 carbons, wherein said alkylene, 
alkenylene, or alkynylene may be substituted or unsubstituted; and 

n = zero or any integer. 

20 21 . A method of inhibiting MDM2 expression in a mammal, 

comprising administering an amount of a compound effective to inhibit said 
expression, said compound having the Formula (111): 

O B(OH) 2 
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